Our research objective was to evaluate the genetic parameters in the populations of Akhal-Teke horses in 4 countries: Czech Republic, Russia, Estonia and Switzerland. The experiment involved a total of 325 Akhal-Teke horses; 121 horses came from the Czech Republic, 152 were from Russia, 28 were from Estonia and 24 horses came from Switzerland. For the divided database of micro satellites we evaluated the following parameters: eff ective number of alleles, frequency of alleles for the groups of horses; the observed heterozygosity (H O ); the expected heterozygosity (H E ); the inbreeding coeffi cient (Fis); and the genetic distance. The researched population is polymorphous. The population in the Czech Republic diff ers from the other three countries in the numbers of alleles per locus. The Czech population also includes Akhal-Teke horses which are not purebred Akhal-Teke horses. A confi rmation of this fact is the eff ective number of alleles. The population in the Czech Republic exhibits the highest mean number of eff ective alleles. The Akhal-Teke population in Estonia exhibits the highest mean observed heterozygosity. By contrast, the population in the Czech Republic exhibits the lowest mean observed heterozygosity. In the Czech Republic the mean Fis value is a positive number indicating a reduced number of heterozygotes in the Czech Akhal-Teke population. The genetic distance is the highest between populations of horses bred in Russia and Estonia. The genetic distance is the lowest between populations of Akhal-Teke horses bred in Russia and in the Czech Republic.
INTRODUCTION
Akhal-Teke horses are thought to be the oldest surviving horse breed in the world. The ancestors of the Akhal-Teke breed date back to animals living in the 3 rd millennium B.C. (Shirliyev, 2003; Abramova, 2003) . The Akhal-Teke takes its name from the Akhal oasis of Turkmenistan and the Teke tribe which lived in the oasis (Marešová and Skopalová, 2005; Dušek, 2001) .
As the breeding of the Akhal-Teke horse developed in the Czech Republic all the breeders integrated in the Czech Akhal-Teke Association (CATB); later on CATB joined the International Association of Akhal-Teke Breeders (MAAK) in Russia as a regular member. At present there are 200 Akhal-Teke horses in the Czech Republic, of which 100 horses are purebred Akhal-Teke horses (http://www.achalteke.cz/cschat.asp). In Russia the population of the Akhal-Teke horse counts 170 stallions and 600 dams and every year ca 300 foals are born. The populations of Akhal-Teke horses in Estonia and Switzerland are smaller; 30 horses in Estonia and 70 purebred Akhal-Teke horses in Switzerland (Babaev and Klimuk, 2010) .
In contrast to breeds distributed globally Bowling and Ruvinsky (2000) reported that there are several groups of unique genetic resources which mostly diff er in type, conformation and use. One example of such a unique genetic resource is the Akhal-Teke horse (Relichová, 2009) .
The Caspian pony is a breed which belongs to the group of Iranian horses just like the AkhalTeke horse; a number of authors studied its genetic parameters. Seyedabadi et al. (2006) analyzed the paternity and genetic parameters of Caspian horses and they saw that the observed heterozygosity ranged between 0.756 and 1, and the expected heterozygosity between 0.617 and 0.741, therefore high. Amirinia et al. (2007) discovered that heterozygosity of the population of the Caspian pony in Iran was high (0.9433); they also discovered that the genetic diversity in the breed was signifi cant. Shahsavarani and Rahimi-Mianji (2010) analyzed the genetic diversity and coeffi cient of inbreeding in 100 horses and 16 micro satellites of the Caspian pony. They found that the average number of alleles per locus was higher than in other Asian, European and other breeds. In their study Szontagh et al. (2005) dealt with the genetic diversity of Achal-Teke horses bred in Turkmenistan. Luís et al. (2007) evaluated the genetic diversity and relationship between Portuguese horses and other horse breeds and discovered that the observed and expected heterozygosity in Achal-Teke horses was 0.668 (±0.016) and 0.715 (±0.029), respectively. They also discovered that the Lipizzaner horse can be incorporated into the groups of related breeds together with the Akhal-Teke, Arabian and Caspian horses.
For many centuries the breeders, particularly those from Turkmenistan and Russia, have used inbreeding to preserve the typical conformation and character of the Akhal-Teke horse. That is the reason why it is very important to know the coeffi cient of inbreeding and the genetic distance among the individual populations in each country where the horse is bred and in dependence on these parameters to set up a suitable breeding plan in order to preserve the breed characteristics of the Akhal-Teke horse. That is why our objective was to fi nd out the genetic diversity of the Akhal-Teke horse in the countries where the horse is bred.
MATERIAL AND METHODS
The objective of our investigation was to determine the microsatellite variability and genetic diversity and distance among populations of purebred Akhal-Teke horses in the Czech Republic, Russia, Estonia and Switzerland.
The experiment involved a total of 325 Akhal-Teke horses; 121 horses came from the Czech Republic, 152 were from Russia, 28 were from Estonia and 24 horses came from Switzerland.
Total genomic DNA was extracted from hairs. We determined the genetic type of Akhal-Teke horses bred in the CZECH REPUBLIC in the accredited immuno-genetic laboratory in Hradišťko pod Medníkem and in the accredited genomics laboratory at Mendel University in Brno. We isolated DNA from hair follicles using the JETQUICK®Tissue DNA Spin Kit in the genomics laboratory of Mendel University in Brno, followed by Multiplex PCR and fragment analysis.
The DNA type of horses from the Akhalt-service Eisk Stud Farm was analyzed in the laboratory of the University of California, Davis. The owners of horses from Estonia provided protocols of paternity tests together with micro-satellites for evaluations of the genetic parameters. DNA tests of horses from Switzerland were provided by a representative from the Association of Breeders. All laboratories completed comparison tests in the International Society for Animal Genetics (ISAG).
For the divided database of micro satellites we evaluated the following parameters: eff ective number of alleles, frequency of alleles for the groups of horses; the observed heterozygosity (H O ); the expected heterozygosity (H E ); the inbreeding coeffi cient (Fis); and the genetic distance.
The following markers were researched: VHL20, HTG4, HTG6, HTG7, HTG10, AHT4, AHT5, HMS1, HMS2, HMS3, HMS6, HMS7 and ASB2.
Statistical Analysis
The mean number of alleles per locus (MNA), allele frequency, observed heterozygosity (H O ) and expected heterozygosity (H E ) were obtained across diff erent loci and populations using the Excel Microsatellite Toolkit v. 3.1.1. add-in utility for Microso Excel (Park, 2001) . Using the POPGENE version 1.31. so ware (YEH et al., 1999) we evaluated the individual genetic parameters. Graphical representation of the estimated membership fractions of individuals of the breed was analyzed using the program Structure version 2.2. (Pritchard et al., 2000) . We constructed a dendrogram based on Nei's (1972) genetic distance: method = UPGMA modifi ed a er the NEIGHBOR procedure of PHYLIP version 3.5.
RESULTS AND DISCUSSION
The investigated population is polymorphous; see Tab. I. The number of alleles per locus in the entire population ranges from 3 to 12 alleles. The following loci have 3 alleles: HTG6 and HTG7 in the Russian population, HTG6 in Estonia and HTG7 in Switzerland. The Czech population diff ers from the other three countries in the number of alleles per locus. Five loci exhibit 10 alleles and locus HMS3 no fewer than 12 alleles. The means also document this fact as the mean is the highest in the Czech Republic followed by the Akhal-Teke populations in Russia; the populations in Switzerland and Estonia exhibit the lowest mean. It is possible that the mean number of alleles per locus in Switzerland and Estonia is low because of the small population size of the horses.
The high mean number of alleles per locus in the Czech Republic indicates the eff ect of other genes in the population. At the same time it indicates that the Czech population includes Akhal-Teke horses which are not purebred Akhal-Teke horses.
A proof of this fact is the eff ective number of alleles -Tab. II. The mean number of eff ective alleles is the highest in the Czech Republic and this high number is proof of the preservation of a heterozygote population. In the Czech Republic the degree of heterozygosity is the highest what is a positive fact; but at the same time it confi rms that not all individuals in the Czech Republic are purebred.
We discovered that the number of alleles in the Czech Republic is high, but the frequency is low; e.g. there are 5 alleles but they occur only once.
Tab. III shows the heterozygosity in the populations.
Generally it applies that the higher the heterozygosity, the fewer homozygotes in the population. The mean observed heterozygosity was the highest in the Akhal-Teke horse population in Estonia; the mean observed heterozygosity was the lowest in the Czech Republic. In contrast, the expected heterozygosity was the highest in the Czech Republic.
Comparisons of the observed heterozygosity and the expected heterozygosity show that the expected heterozygosity is higher than the observed heterozygosity only in the Czech Republic. In Estonia it is the reverse; in the Russian and Swiss populations it is balanced. This fi nding is interesting because it appears that in the Czech population a relationship can be expected. The Akhal-Teke population in the Czech Republic is very young and has only a few horses. Large numbers of horses were imported to the Czech Republic, not only from Russia, but also from Dagestan, Kazakhstan, and/or other European countries. Although originally most of the horses were unrelated, the present Czech population shows inbreeding. The eff orts of Czech In the other three countries Fis is a negative fi gure and is the lowest in horses in Estonia. The above proves that there is virtually no relationship in the Estonian population which is a very small population counting only 28 horses. The same can be said of the population in Switzerland which is equally small, although Fis approaches zero. The Fis value in Russia (−0.005) indicates that this large population contains a suffi cient amount of heterozygotes.
Tab. V compares the genetic distance among the respective populations. The genetic distance was the highest between populations of horses bred in Russia and Estonia. It is apparent that the eff ect of genes of horses from Turkmenistan and genetic indicators of horses from Turkmenistan imported to Estonia are a far cry from the horse population in Russia. The genetic distance was found to be the lowest between the Akhal-Teke populations bred in Russia and the Czech Republic and is due to the fact that the greater part of the Czech population is based on horses imported from Russia. The same holds true for the populations of horses from Russia and Switzerland.
The dendrogram in Fig. 1 constructed from Nei's genetic distances using the unweighted pair group method with arithmetic mean algorithm (UPGMA) shows the genetic relationships among four groups of horses by country of origin and illustrates the above conclusions.
The UPGMA (unweighted pair group method with arithmetic mean algorithm) dendrogram clarifi es the genetic relationship among populations of Akhal-Teke horses. Fig. 1 shows that Russian IV: Wright's (1978) Fig. 2 illustrates the diff erences among populations of Akhal-Teke horses in the respective countries. Cluster K2 shows that the Russian population is balanced and is also evenly distributed in clusters K3-K6. In all clusters we see a clearly separated compact strip. We assume that this means the presence of non-purebred Akhal-Teke horses. We also see that the Estonian population is diff erent and is exhibited particularly in clusters K4-K6. It is manifested in a diff erent but uniform color of the Estonian part of the population. 
CONCLUSION
Basing on our results it is evident that the population we investigated is polymorphous. The population in the Czech Republic diff ers from the other three countries in the number of alleles per locus. The high mean number of alleles per locus in the Czech Republic indicates the infl uence of other genes in the population; i.e. that the Czech population includes Akhal-Teke horses which are not purebred Akhal-Teke horses, a fact which can be proved by the eff ective number of alleles. The mean number of eff ective alleles is the highest in the Czech Republic confi rming that not all individuals in the Czech Republic are purebred. The highest mean observed heterozygosity was detected in the Estonian population of Akhal-Teke horses, while the lowest mean observed heterozygosity was seen in the Czech Republic. On the other hand the expected heterozygosity is the highest in the Czech Republic. We discovered that the expected heterozygosity is higher than the observed heterozygosity only in the Czech Republic. In Estonia it is the reverse; in the Russian and Swiss populations it is balanced. A relationship can be observed in the Czech Republic where we see obvious eff orts of Czech breeders of Akhal-Teke horses to use inbreeding. Wright's fi xation index (Fis) confi rms this fi nding. In the Czech Republic the mean Fis value is a positive fi gure indicating a reduced number of heterozygotes in the Czech population of Akhal-Teke horses. In the other three countries the Fis value is negative and is the lowest in horses in Estonia. In Russia the Fis value indicates that this large population contains enough heterozygotes. The genetic distance was the highest between populations of horses bred in Russia and Estonia. The genetic distance was the lowest between populations of Akhal-Teke horse bred in Russia and the Czech Republic.
